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This study reports the potential application of hydroxypropyl starch and starch acetate 
nanoparticles as a controlled release nanocarrier for piperine. Hydroxypropyl starch and 
starch acetate were synthesized by modifying sago starch with hydroxypropylation and 
acetylation reaction. Hydroxypropyl starch nanoparticles with mean particle sizes of 110 nm 
were obtained by controlled precipitation through drop-wise addition of dissolved 
hydroxypropyl starch solution into excess absolute ethanol. Meanwhile, starch acetate with 
mean particle sizes of 140 nm was also successfully obtained by the same manner. Piperine 
was loaded onto hydroxypropyl starch nanoparticles, starch acetate nanoparticles, and native 
starch nanoparticles via the in-situ nanoprecipitation process. Hydroxypropyl starch 
nanoparticles and starch acetate nanoparticles achieved higher piperine loading capacity as 
compared to native starch nanoparticles with the maximum loading capacity of 0.46, 0.50, 
and 0.33 mg.mg-1, respectively. Hydroxypropyl starch nanoparticles was able to retain 
piperine in the simulated stomach pH (1.2) where it was released in a slow and sustained 
manner within 24 hours, while piperine was release from starch acetate nanoparticles over a 
period of 28 hours in the simulated blood pH (7.4). On the other hand, the release rates of 
piperine from native starch nanoparticles were faster, whereby 96% of piperine was released 
within 16 hours at all pH tested in the same manner. 





Sintesis dan Pencirian Nanostruktur Multifungsi yang Diperoleh daripada Kanji Sagu 
Asli untuk Aplikasi Bioperubatan yang Berpotensi 
ABSTRAK 
Kajian ini melaporkan potensi penggunaan nanopartikel kanji hidroksipropil dan kanji 
asetat sebagai nanopembawa pembebasan terkawal untuk piperina. Kanji hidroksipropil 
dan kanji asid disintesis oleh kanji sagu yang diubahsuai dengan reaksi hidroksipropilasi 
dan asetilasi. Nanopartikel kanji hidroksipropil dengan purata saiz zarah 110 nm diperolehi 
melalui pemendakan terkawal larutan hidroksipropil ke dalam etanol dalam jumlah yang 
banyak. Sementara itu, asetik kanji dengan purata saiz zarah 140 nm juga berjaya diperoleh 
dengan cara yang sama. Piperina telah dimuatkan ke nanopartikel kanji hidroksipropil, 
nanopartikel kanji asetik, dan nanopartikel kanji asli melalui proses nanopemendakan. 
Nanopartikel kanji hidroksipropil dan nanopartikel kanji asetat mencapai kapasiti muatan 
piperina yang lebih tinggi berbanding nanopartikel kanji asli dengan kapasiti muatan 
maksimum masing-masing 0.46, 0.50, dan 0.33 mg.mg-1. Nanopartikel kanji hidroksipropil 
dapat mengekalkan piperina dalam simulasi pH perut (1.2) di mana ia dikeluarkan secara 
perlahan dan konsisten dalam masa 24 jam, manakala piperina dibebaskan daripada 
nanopartikel kanji asetat selama tempoh 28 jam dalam simulasi pH darah (7.4). Sebaliknya, 
kadar pelepasan piperina daripada nanopartikel kanji asli adalah lebih cepat di mana 96% 
piperina dibebaskan dalam masa 16 jam di semua pH yang diuji dalam kondisi yang sama. 
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1.1  Background 
The sago palm is a species of the genus Metroxylon belonging to the Palmae family. 
Sago starch is obtained from Metroxylon sagu and grown well in Southeast Asian countries 
as a tropical crop. It is relatively cheap and widely available in the South Asian region. A 
mature sago palm tree produces about 60 × 106 tonnes of sago starch annually in south East 
Asia (Uthumporn, Wahidah, & Karim, 2014). Starch is a typical biodegradable natural 
polysaccharide and it is a renewable substance produced by a lot of plants that contains 
chlorophyll such as corn, potato, wheat and barley as a source of stored energy (Qin, Liu, 
Jiang, Xiong, & Sun, 2016), in which it acts as a reserve food supply for the period of growth, 
dormancy, and germination (Bismark, Zhifeng, & Benjamin, 2016).  
Starch, the second most abundant carbohydrate available from plant kingdom as a 
natural raw material. It is white in color and insoluble in cold water due to the polymerized 
structure, and it has hydrogen bonding between adjacent chains (Ye et al., 2017). Starch 
granules are mainly composed of amylose and amylopectin.  The granules may vary in shape, 
size, structure and chemical composition depending on the starch source (Din, Xiong, & Fei, 
2015). Due to its well-defined properties such as renewable, biodegradable, biocompatible 
and low cost, the biopolymer has a large potential as a flexible renewable resource to be 
applied in both food and non-food industry (Masina et al., 2017; Ye et al., 2017). 
Starch in its native form is unsuitable for various applications due to its physical and 
chemical properties such as poor mechanical properties, insolubility in cold water, and high 
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viscosity. Various modifications such as blending, chemical modification, and physical 
modification have been performed on the starch to improve its properties so that it can be 
utilized in food and biomedical industries. Chemical modification has been the most 
effective method to alter the properties of the starch and improve its overall properties. 
Starch molecules possess large numbers of hydroxyl groups, providing the active site for 
modification via chemical reactions. Many kinds of research have been carried out on starch 
modifications in which various functional groups such as carboxyl, acetyl, and 
hydroxypropyl were being introduced to the starch structure (Chen et al., 2015; Shen, Xu, 
Kong, & Yang, 2015). Generally, chemical modification of starch is accomplished through 
derivatization such as esterification, etherification, oxidation and cross-linking (Chen et al., 
2015; Din et al., 2015). The functional and chemical properties of the modified starches are 
affected by various factors such as starch source, reaction conditions, type and distribution 
of substituting agent along with the molecules as well as the degree of substitution (Din et 
al., 2015).  
For the last two decades, nanotechnology has forth come as one of the most 
innovative technologies focusing on characterization, fabrication, and manipulation of the 
structure of matter at dimensions of roughly 10 to 100 nm (Ye et al., 2017). Since then, 
nanotechnology is one of the most active research areas in chemistry, physics, and medicine. 
The unique properties of nanoparticles which are significantly different from their bulk 
materials have attracted much attention. Nanotechnology is able to decrease the particle size 
of raw materials and also improves their functional properties (Qin et al., 2016).   
Starch nanoparticles have drawn much attention due to their potential for mass 
production, low cost, and non-hazardous properties. Based on previous works reported, 
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starch nanoparticles are one of the most suitable candidates to be used in foods, cosmetics 
as well as pharmaceuticals area (Ye et al., 2017). Besides that, studies of starch nanoparticles 
in drug delivery system showed that these starch nanoparticles have a large potential as a 
nanocarrier in oral drug administration (Raghvendra et al., 2017; Qin et al., 2016; Din et al., 
2015). This is due to their rather significant small size enables the penetration of cellular 
barriers that have been limiting other drug carriers (Raju, Benton, Pavitra, & Su, 2015). 
Previous research by Najafi et al. (2016) showed that nanoparticles with particle size less 
than 300 nm have higher encapsulation efficiency and the encapsulation efficiency of 
acetylated corn starch nanoparticles increases from 67.7 to 89.1% when the degree of 
substitution increases from 0.33 to 2.66. The high encapsulation efficiency indicates high 
affinity of the model drug (ciproflaxin) molecule for the acetylated corn starch nanoparticles 
matrix (Heydar, Najafi, Baghaie, & Ashori, 2016). 
For the past hundred years, black pepper has been used as a spice for cooking and 
traditional medicine due to its well-known medicinal properties. Based on ayurvedic system 
of medicine, pepper fruit has anthelmintic, antiasthmatic, alternative and has been used to 
treat pain, piles, insomnia, and epilepsy. One of phenolic compound in black pepper that has 
attracted much attention is piperine. Piperine is a naturally occurring alkaloid which imparts 
pungency and flavour to pepper. Pharmacological research has recently shown that piperine 
has antidepressant, antipyretic, anti-inflammatory, antithyroid, hepaprotective, 
immunomodulatory and antitumor properties. Recent study suggests that blood cholesterol, 
triglycerides, and glucose could be reduced by application of piperine (Stojanovi et al., 2019; 
Gorgani, Mohammadi, Najafpour, & Nikzad, 2016). Also, some studies revealed that 
piperine is able to hinder the development of breast cancer and show anti-cancer activity. 
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Piperine can enhance the bioavailability of some therapeutic compounds such as 
sulfadiazine, streptomycin, and rifamicin by acting on hepatic enzymatic breakdown 
(Thenmozhi & Je, 2017; Gorgani et al., 2016; Wu et al., 2014). 
1.2       Problem Statement 
Piperine has many advantages, but it has not been widely used in biomedical field 
and formulations of therapeutic products due to its poor solubility in water which causes 
limited dissolution rate. The low solubility in water and poor dissolution of piperine is the 
primary limiting aspect in the absorption process for piperine that lead to low availability of 
orally administered drugs (Thenmozhi & Je, 2017; Wu et al., 2014). Starch has to be 
modified before it can be used to encapsulate piperine because in its native form, starch has 
poor mechanical properties, insoluble in cold water, and have high viscosity. Chemical 
modification will alter the properties of the starch and improve its overall properties (Chen 
et al., 2015; Shen, Xu, Kong, & Yang, 2015). To overcome the poor aqueous solubility of 
drugs candidate like piperine, many formulation strategies have been studied such as 
micronization, nanocrystallization, solid dispersion, micelle solubilization, as well as 
encapsulation in nanoparticles. By encapsulating piperine in nanoparticles, it will undergo 
self-dispersion process, where the piperine is encapsulated or dissolved in carrier excipients 
or vehicles in molecular state by solubilization or self-assembly. This method is able to 
maximize the dispersion of piperine and lead to more stable dispersion system, which have 
been widely applied to formulation of poorly water-soluble drugs candidate. When exposed 
to aqueous media, the hydrophilic polymeric nanocarrier will dissolves and piperine releases 
as fine particles  (Zhang, 2018). Improving the solubility of piperine is important to avoid 
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dose-escalation, toxicity, and an increase in production cost during the development of drug 
process.  
1.3       Objectives 
The objectives of this study are: 
1. To synthesize and characterize hydroxypropyl and acetylated starch nanoparticles.   
2. To evaluate the potential of hydroxypropyl and acetylated starch nanoparticles as 
controlled release nanocarriers for piperine. 
1.4 Scope of studies 
In this study, sago starch was chemically modified by hydroxypropylation and 
acetylation process, respectively. Hydroxypropyl group was substituted on the sago starch 
in the presence of an alkaline catalyst, while acetyl group was substituted with the help of 
iodine as a catalyst. Chapter 1 describes the general introduction and justifications of this 
study. Chapter 2 discusses the literature review related to this study such as overview of 
starch, starch modifications and starch nanoparticles as controlled release nanocarriers. 
Chapter 3 explains the procedure involved in the preparation of hydroxypropyl starch 
nanoparticles from native sago starch which involved hydroxypropylation and 
nanoprecipitation process. This chapter also discusses the application of hydroxypropyl 
starch nanoparticles as controlled release nanocarrier for piperine. Chapter 4 presents the 
work on the preparation of acetylated starch nanoparticles for controlled release nanocarrier 







Starch, the abundant natural polysaccharide obtained from plants is cheap, renewable 
and biodegradable. This biopolymer is the main carbohydrate in plants and it is a bulk energy 
storage molecule in plants. World produce around 58 million tonnes of starch extracted 
mainly from maize, wheat, and potatoes. Starch is a heterogeneous polymer of α-D-glucose 
units, and the anhydroglucose units (AGUs) are mainly linked by α-1,4 linear and α-1,6 
branched bonds (Heydar et al., 2016; Yu et al., 2016). 
There are two different structural forms of insoluble semi-crystalline granules in 
starch namely amylose and amylopectin. Amylose is a long linear polymer that contains up 
to 6000 AGUs of α-1,4 linkages. It has a tendency to retrograde and produce strong films as 
well as tough gels. Meanwhile, amylopectin is highly branched and is derived from α-1,4 
linkages and α-1,6 linkages of glucose units. Amylopectin is more stable and when dispersed 
in water, it may produce weak films and soft gels. Amylose and amylopectin may form 
entanglements and the presence of the small number of proteins and lipids in starch may 
affect the physicochemical properties of starch to different extent depending on the botanical 
source of the starch. As shown in Figure 2.1, hydroxyl (OH) groups in starch structure are 
located at C-2, C-3 and C-6 making starch hydrophilic in nature (Bismark et al., 2016; Din 































Figure 2.1: Molecular structure of starch 
Starch-based products are usually safe for human consumption and it is widely used 
in food, textiles, cosmetics, plastics, adhesives, paper, and pharmaceutical industries. In its 
native state, starch has industrial applications due to its insolubility in cold water, instability 
of its pastes and gels, low shear stress resistance and thermal decomposition, coupled to high 
retrogradation and syneresis (Sukhija, Singh, & Riar, 2016; Chen et al., 2015; Lisie et al., 
2015). Native starch has many hydroxyls and cyclic structures that cause starch material to 
be brittle (Bismark et al., 2016). In addition to being a major food item, starch is mainly used 
in various industies as coatings and sizing in paper, textiles and carpets, as binder and 
adhesives, as absorbents and also as bone replacement implants, bone cements, drug delivery 
systems, and tissue engineering scaffolds (Masina et al., 2017). 
 Starch exhibits limited applications in the native state due to poor processability and 
solubility in water and low shear stress resistance and thermal decomposition. Furthermore, 
native starch has a high degree of retrogradation and can easily undergo syneresis in addition 
to the gelling tendency of the pastes. Therefore, starch is modified by various modification 
methods aimed to correct one or some of the abovementioned limitations which will improve 
the versatility, meet the demanding technological needs, and applicability in various 
industries (Din et al., 2015; Castro, Evangelista, Carbinatto, Do, & Cury, 2013; Neelam, 
Vijay, & Lalit, 2012). 
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  Generally, starch modification methods have been classified into four categories 
which are the physical, chemical, enzymatic, and genetical modification. These 
modifications aimed to improve the physicochemical properties and produce novel 
derivatives of starch with useful structural attributes (Neelam et al., 2012). A lot of new 
functionality and value-added attributes on starch could be produced by modifications which 
make it an ongoing process with the huge potential market (Din et al., 2015). 
2.2 Physical modifications of starch 
 Physical modification of starch is usually applied to alter the granular structure and 
change the properties of native starch into cold-water-soluble starch or small-crystallite 
starch. These types of modifications are preferred since it does not involve any chemical 
treatment that could be harmful to human. Some of the physical methods for starch 
modifications are heat moisture treatment, annealing, retrogradation, freezing, ultrahigh-
pressure treatment, glow discharge plasma treatment, osmotic-pressure treatment, thermal 
inhibition, and gelatinization. In previous study, high moisture treatment method was used 
to modify pulses starch and the result showed decrease in amylose leaching, swelling ratio, 
and peak viscosity, and increase in thermal stability, gelatinization temperatures and 
susceptibility towards acid hydrolysis (Bemiller & Huber, 2015; Neelam et al., 2012).  
 Another study showed that annealing modification on lentil, smooth pea, and 
wrinkled pea starch had resulted in a decrease in granular swelling and amylose leaching 
while the gelatinization temperatures, thermal stability, and susceptibility towards α-amylase 
increase. The retrogradation process involves linking the starch chains into ordered 
crystalline structures. The research found that the resulted retrograded starch demonstrated 
